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M apping Curriculum
Director: Dr. Carol A. Brewer
This was a two-part study conducted on Sleven’s Island and local schools around
Missoula, MT. The first goal was to promote awareness o f native plants, effects o f
invasive species on native populations, and integrate plant ecology into the local school
curriculum by developing an educational collection o f native plant for use in exhibits and
as reference vouchers. Students o f all ages participated in plant collection, learned to
identify local native plants, and had opportunities to participate in site-based student
research through the Montana Natural History Center. Students completed the same twoassessment tool before and after their participation. Averaged data on attitude and
knowledge for pre- and post-test questions were compared using Mann-Whitney U-tests.
For knowledge questions, the frequency o f correct answers for each question was
determined and before and after participation scores were compared using a chi-squared
test. While there was a slight positive trend for improved attitudes after the plant
collection and identification unit, analysis revealed no significant change. There was no
change in attitude regarding the effects o f humans on biodiversity, and the protection o f
native plants, although students did agree that humans negatively effect ecosystems, and
native plants may need to be protected. Based on data from the knowledge questionnaire,
their was a significant increase (p=0.001) in understanding after the plant study. Students
could define invasive plants, weeds, and native species correctly more frequently on the
post-test (p=<0.001). Furthermore, students answered questions on restoration, human
impacts on native plant populations, and the definition o f biodiversity correctly more often
in the post-test but no significant difference was found. Based on the scores o f both the
attitude and knowledge assessment, the students who participated in this study acquired a
deeper understanding o f native plants, the diversity o f plants in M ontana and the influence
o f invasive weeds have on the environment. The purpose o f the second phase o f this
study was to provide baseline data on the vegetation on Sleven’s Island at Fort Missoula
to help the Montana Natural History Center to monitor invasive species and identify areas
most in need o f restoration. Permanent vegetation transects were installed and assessed.
Plant cover communities were mapped for both native and exotic species. Data were
placed into a Geographical Information System using Arc View 3.1 and vegetation
coverages were overlaid onto a georeferenced aerial photograph o f the study area. The
results suggest that aggressive and undesirable weed species currently dominate Sleven’s
Island. While native species comprise ~ 56% o f the island’s canopy species, there are
significant numbers o f alien species in the understory. All species o f exotic plants were
found throughout the study area, but they were concentrated in highly disturbed areas.
Although difficult, removal o f these aggressive species may be necessary to prevent
further spread and establishment by exotics.
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Chapter 1: General Introduction
Within the past 10,000 years, biological diversity has entered a new era in the
history o f life on earth. As the human population expands, more land and natural
resources are required (Wilson 1989; Mallow 1994; St. Antoine and Runk 1996). To
fulfill needs for resources, human activities may have devastating influences on species
diversity through impacts such as deforestation, destruction o f native habitat, and the
introduction o f exotic species (Wilson 1992). The great impact o f these activities on
biodiversity has led to the highest extinction rates since the end o f the Mesozoic era
(Wilson 1989)
The loss o f biodiversity is important for several reasons. First, losses are
irreversible and the consequences o f a mass extinction are unknown (Wilson 1989; Wilson
1992). Secondly, important ecological processes provided by the interactions between
many species that are an integral part o f the ecosystem may be lost. If one or several
species are removed, interactions may be lost and environmental degradation may be
inevitable (Wilson 1989; Mallow 1994). Lastly, preserving biodiversity can offer many
economic benefits, such as foods, medicines, and industrial products (Mallow 1994; St.
Antoine and Runk 1996). Thus, it is important for educators to communicate the
importance o f maintaining biodiversity and the interdependence o f all life on Earth.
Teaching about biodiversity is an important and an integral part o f environmental
education (WWF et a l 1998). The main goal o f environmental education programs is to
develop an environmentally literate citizenry that has the knowledge, skills, commitment,
and motivation to take responsible actions that impact the environment. Through
8

environmental education, people become aware o f human and natural processes and how
humans effect natural systems (WWF et a l 1998; Stapp 1969).
Environmental education programs have been demonstrated to increase ecological
awareness, promote conservation o f resources, and alter people’s attitudes towards the
environment (Jacobson 1990a; Jacobson 1990b; Caro et al. 1994). The development of
these attitudes at a young age is considered particularly important because they can effect
behaviour later in life (Nixon 1997; Eagels and Demare 1999). Furthermore,
environmental education programs may be an important means for addressing issues o f
habitat loss and degradation, and sustainability.
One promising strategy for environmental education is to encourage learners to
explore and comprehend their local environment, and to expand this knowledge to broader
issues. By placing learning in the context o f the local environment, such as a school yard
or surrounding area, students are encouraged to think about their local environment and
the impacts it endures (Feinsinger et al. 1997a; Feinsinger et al. 1997b; Hogan and
Berkowitz 1999). Once students are familiar with the local surroundings, they can be
encouraged to expand their views into larger systems and develop a more sophisticated
comprehension o f causes and consequences o f human influences on the environment
{ W m e t a i 1998).
It has been proposed that many societal and environmental problems are a result of
alienation from the natural world (Weber 1994; Swan 1971). Allowing students to
investigate and explore their local environments also helps create a sense o f place or a
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sense o f knowing where one lives (Weber 1994; Nixon 1997). Students can develop a
connection with their surroundings that may increase interest in the environment and
improve their ability to learn (Miles 1995). Instilling a sense o f place in young people may
help the next generation to make ecologically conscientious decisions (Weber 1994).
An emerging method for connecting people to nature is through participation in
ecological restoration projects (Tanner et al. 1992). The practice o f ecological restoration
provides an opportunity to contribute to the native plant community by giving something
back to the land (Bader and Egan 1999). Bader and Egan (1999) found that participants
in their ecological restoration project in Wisconsin had a deeper understanding o f the land,
themselves, and the ecological processes that tie nature and humans together.

This

knowledge and connection helped create an environmental ethic and sense o f place.
Using ecological restoration as a theme to promote ecological awareness, the goals
of this project were to promote awareness o f native plants, examine the effects o f invasive
species on native populations, and integrate plant ecology into curriculum for grades 4 to
12. Through the activities o f restoration, I expected participants to develop an
appreciation o f natural areas and processes, as well as a sense o f place.
This project had three phases. The first is described in chapter 2. In phase 1, a
GIS database that provides baseline information on the location and aerial extent o f plant
species. Baseline information on vegetation cover on Sleven’s Island was documented the
summer o f 1999. The goal o f the study was to create a vegetation site assessment and
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inventory, and a canopy vegetation map o f Sleven’s Island to help develop the future
restoration plan for the Montana Natural History Center and the University o f Montana.
The second phase o f the project utilizes the baseline information from chapters 2
and 3 to create a curriculum designed to expose children to restoration ecology, native
plants and management decisions. Local students can download the complete GIS project
to a webpage with a link from the Montana Natural History Center for classroom use.
Classroom mapping activities are web-based and designed to be integrated into the
classroom.
In the final phase, I developed a voucher collection and educational display o f
plant species found in Western Montana in conjunction with the M ontana Natural History
Center. This project was created to promote awareness o f native plants, effects o f
invasive species on native populations, and integrate plant biology into local schools’
curriculum. I developed an educational collection o f native plants for use in exhibits and
as reference vouchers. Students o f all ages participated in plant identification and
collection, learned to identify local native plants, and had opportunities to participate in
the site-based student research through the MNHC.
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Chapter 2: Planning for Restoration at Sleven’s Island: baseline data and mapping
curriculum
Abstract
The objective o f this study was to provide baseline data on the vegetation on
Sleven’s Island at Fort Missoula, Missoula, MT, summer 1999. This baseline information
will allow the Montana Natural History Center to monitor invasive species on the island
and identify areas most in need o f restoration. The vegetation site assessment and
inventory, and a canopy vegetation map o f Sleven’s Island were created to help develop a
future restoration plan The vegetation assessment also can serve as a pre-restoration site
baseline to reference changes in vegetation that results from the restoration efforts.
Permanent vegetation transects were installed and assessed. Plant cover communities
were mapped for both native and exotic species. The data were placed into a geographical
information system (GIS) using Arc View 3.1. Vegetation coverages were created and
overlaid onto a georeferenced aerial photograph o f the study area. The reports suggest
that aggressive and undesirable weed species currently dominate Sleven’s Island. While
native species comprise ~ 56% o f the island’s canopy species, there are significant
numbers o f alien species in the understory. All species o f exotic plants were found
throughout the study area, but they were concentrated in highly disturbed areas. Although
difficult, removal o f these aggressive species may be necessary to prevent further spread
and establishment by exotics. The final map was integrated into curriculum that
incorporates GIS and restoration ecology has been downloaded to the EOS webpage
(URL; www.eoscenter.com) with a link from the MNHC for classroom use by Igcal
students.
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Introduction
For most o f human history, planting exotic species has been encouraged and
viewed positively (Enserink 1999). In N orth America, the introduction o f exotic plant
species has occurred at an extremely high rate (Forcella 1985, M ack 1986, Lesica et al.
1993, Rejmânek and Randall 1994). New World colonists transported seeds and plants,
while other species arrived through accidental transport (Mack and Pike 1983, Kaiser
1999). Many exotic species died out rapidly, but up to 10% have spread unchecked and
established permanent populations (Enserink 1999).
The introduction, spread, and establishment o f alien plant species can be harmful to
native plant populations and overall ecosystem processes (Rejmanek, 1995). Most
invasive species are introduced from flora native to other continents and they come to
dominate the local vegetation when they establish in an area (MacDonald et al. 1995).
Exotic species tend to establish quickly in disturbed areas (Beerling 1995) and change
natural disturbance regimes and chemical/nutrient cycles (Woods 1997). Typically there
are no natural predators or parasites in the new area (MacDonald et al. 1995), giving the
non-native species an advantage that allows them to potentially out-compete the native
flora and dominate local ecosystems.
Currently, on lands managed by the City o f Missoula and the University o f
Montana, there are difficult problems related to invasive species. Several species have
taken over large areas o f local habitats in parks, natural areas, and open spaces (Marilyn
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Marier p er s. comm). As part o f an effort to promote awareness o f problems associated
with invasive species locally, a partnership was created between the University o f Montana
(UM) and the Montana Natural History Center (MNHC). The MNHC is a non-profit
organization that provides environmental education programs for students and the general
public. Creating awareness o f the natural environment through ecological activities is one
o f their main goals.
UM and MNHC jointly manage a riparian/palouse prairie habitat and desire to use
these lands for educational purposes. Prior to belonging to UM, this land was owned by
the U.S. Army and used as a training area (Long 1983). The area was highly disturbed by
construction and illegal activities from the general public, army training, as well as the
creation, habitation, and destruction o f an internment camp (Long 1983, Lisa Mills pers.
comm.). These activities promoted the invasion o f exotic species such as spotted
knapweed {Cenaurea maculosa), common tansy {Tanacetum vulgare) and quackgrass
{Agropyron repens). Many non-native trees, such as Siberian elm and boxelder, also were
planted throughout the area (Lisa Mills pers. com m ).
Two objectives o f the partnership between UM and MNHC are to return
approximately 200 hectares o f the jointly managed land to a more natural state and to
reduce the number o f invasive species. Achievement o f these objectives will take several
years. Current plans for restoration will combine both environmental educational
programming and activities, as well as scientific research projects. Moreover, projects of
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the MNHC are being planned in conjunction with UM and the Montana Native Plant
Society (MNPS) to involve students and general public in site restoration.
In 1999,1 assessed the aerial extent o f native, exotic, and invasive plant species in
the proposed restoration area on Sleven’s Island. Baseline information on vegetation
cover on the island was documented during the summer o f 1999. The goal was to create a
vegetation site assessment and inventory, and a canopy vegetation map o f Sleven’s Island
to assist in the fiiture restoration plans. The data collected also were baseline information
for a base GIS curriculum to follow species distribution on the island through time 3.

Methods
Study Site
The study site, Sleven’s Island, is located on Fort Missoula, Missoula, MT
Sleven’s Island is approximately 1200 m in length, and 200 m at its widest point. The
west half o f Sleven’s Island is located at SE 1/4 o f Sec.36, T13N, R20W and the east half
is located SW 1/4 o f Sec.31, T13N, R19W.
Originally, Sleven’s Island was a sidebar in the Bitterroot River composed mainly
o f deposited gravels, sands and silts and part o f the Bitterroot River flood plain. In the
past, the island was naturally separated from the Fort Missoula grounds by a side stream
channel approximately 7 m wide (at normal flow). Approximately 50 years ago, riprap
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was used to fill end o f the channel that closed the channel off to regular flow and allows
virtually year-round foot and vehicle access to the area (Lisa Mills pers. comm).
Aerial Photograph
An aerial photograph o f Fort Missoula taken in 1994 was obtained from Missoula
Blueprint (Missoula, MT) (Figure 1) The original photograph was enlarged five times to
a 1:73 meter scale and was scanned at 600 dpi. Coordinates o f points on the ground that
were easily matched with the aerial photograph, such as the water tower or the
intersection o f two roads, were chosen randomly fi*om the aerial photo and then obtained
in digital form using a Trimble Geoexplorer GPS unit. The image was georeferenced by
matching the GPS coordinates with the scanned aerial photo in Image Analyst Once the
smallest offset distance was obtained by repeating the georeferencing, referencing was
established.
Community Types
Taxonomy follows Lackschwitz (1991). The riparian vegetation was classified
according to Hansen et al. (1995). In areas where the plant communities were heavily
disturbed, community types were assigned according to dominant species (see Table 1).
Species were classified as native, exotic, or invasive. A native species was considered as
an indigenous species and occurring naturally in this area (Schwartz 1997). An exotic
species was introduced fi*om a foreign area but was not yet invasive (MacDonald et al.
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1995). Invasive species had moved into the area and become dominant numerically, or in
terms o f cover, resource use, or other ecological impacts (Randall 1997).
Vegetation Transects
Ten permanent vegetation transects (30m long) were installed at 100 meter
intervals across Sleven’s Island (Figure 2). Every 2 meters along the transect line, I
assessed cover in a 1 m^ quadrat. Abundance o f each plant species was recorded to the
nearest 5%.

If the coverage o f the plant was less than 5% then its presence was recorded

as a trace (T) (Bonham 1989). The data were compiled by averaging the total percent
cover o f species along each transect line (Table 4).
Geographical Information Systems
Each community type was digitized over the actual image o f the study area using
Arc View 3.1. The community type layer was linked to an attribute table (database) that
contained information such as the assigned polygon number, area cover, and perimeter of
the vegetation polygon. The community types were verified during “ground truthing”
(Clarke 1999) by walking the extent o f the island.

Results
Figure 1 shows the plant community types in a GIS theme layer (see Table 5 for
coverage attribute table). Native, exotic, and invasive species were found as part o f the
canopy on Sleven's Island (Figure 2). Black cottonwood, willow species, and herbaceous
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weeds dominate the majority o f the study area. Herbaceous weeds preferred the highly
disturbed area located in the transition zone between the riparian area and the buildings at
Fort Missoula. Herbaceous weeds occupied only 309 m^ on the island in an area along the
main trail. Invasive species (Table 2), such as common chokecherry, boxelder, black
hawthorn, Siberian elm, caragana, Russian olive, and a small area o f exotic grasses,
dominated the remainder o f the island. Total percent o f each community type on the
island is given in Figure 3. Using data from the vegetation transects, I estimated the
ground cover o f beneath all community types.
Native community types cover approximately 56% o f the island and these may
have a significant number o f alien species in their understory. Approximately 38 species
were found during transect sampling including both native and non-native species. The
average percent cover o f each species is presented Table 3. Quackgrass {Agropyron
repens), Kentucky bluegrass {Poa pratensis), and Canada Thistle {Cirsium arvense) were
the most common understory species, and were found along at least 8 o f the 10 transect
lines (Table 4). Quackgrass and Kentucky bluegrass are both invasive grasses, and
common snowberry, although native, is a disturbance shrub and can expand when an area
is disturbed

Discussion
Aggressive and undesirable species currently dominate Sleven’s Island. These
invasive plants have displaced native species in the area (Marilyn Marier pers. comm.) and
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most have been listed on the Montana State Noxious Weed List. The invasive and exotic
trees, such as boxelder, Siberian Elm, black hawthorn and Russian Olive on Sleven’s
Island most likely replaced several stands o f black cottonwood and willow (Marilyn
Marier pers. comm.). Native understory species such as False Solomon’s seal, tall
meadow-rue and native sedges were replaced by invasive weeds such as common tansy,
quackgrass, Kentucky bluegrass and evening nightshade
All exotic species were found throughout the study area but were concentrated in
highly disturbed areas (around main trail, spring flooding areas and sweat lodge area).
This is not an unexpected result because exotic species tend to establish quickly in
disturbed areas (Beerling 1995). The main trail and sweat lodge area are well traveled,
likely increasing the transportation o f seeds to the area and allowing exotic species to
establish themselves more quickly (Beerling 1995).

Control of Invasive Plant Species
There are several methods o f invasive weed control including mechanical
processes (such as hand-pulling or selective cutting), chemical treatment, and planting
native plants for competition (Groves 1989). Non-native trees and shrubs can be removed
by selective cutting and smaller saplings can be removed by hand. The goal o f invasive
species control is to reduce the potential for farther recruitment and propagules on the
island. Removal efforts may take several years to remove all the invasive trees.
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Eradicating herbaceous weeds is a formidable task. For example, seeds o f spotted
knapweed can remain viable in the soil for up to 10 years, with 95% o f the seedbank being
depleted after 7 years. Even with 95% depletion there are still approximately 235,200
seeds per hectare (Davis et al. 1994). One strategy for removing invasive herbaceous
weeds on highly disturbed areas is to pull them by hand before the flowers set seed
(Marilyn Marier pers. comm ). This procedure not only removes the plant and roots, but
also lowers the possibility for recruitment and propagule establishment the following year.
Once the invasive plants are removed, native species can be planted to help out-compete
the new saplings o f the invasive species. Again, removal may take several years until the
seedbank o f invasive species is exhausted.
Chemical treatment in this area historically has been performed aerially due to the
extent o f the invasive species (Marilyn Marier pers. comm.). Chemical treatments in this
area are not suggested for several reasons. First, chemical control o f widespread invasive
plants is expensive, ecologically harmfiil, and rarely effective in the long term (Groves
1989). Second, Sleven’s Island is in a riparian area and a general herbicide can leach into
the nearby Bitterroot River. Lastly, the use o f a general herbicide will target all plants
including the native species on the island. It is recommended that chemical treatment on
target weed species, in combination with other methods o f removal, may be effective. For
example, caragana species can be cut down, and the targeted stumps are sprayed with an
herbicide to prevent re-sprouting.
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In combination with weed removal, disturbances and seed dispersal o f invasive
species on the island should be reduced. These processes have already begun. Since the
MNHC has taken over management o f the area, unnatural disturbances from army training
and large vehicles have been eliminated. Motorized vehicles also have been banned from
the area. In the future, the general public should be encouraged to walk along marked
trails and to remove seeds from their foot wear before entering the area. Furthermore,
reducing the number o f dogs in the area will also prevent the spread o f seeds.
By prioritizing areas in need o f restoration, educational programs can be created to
involve students and the general public. For example, in the summer o f 1999, a 5-hectare
area was restored from herbaceous weeds to native palouse prairie. Students and the
general public removed weeds by hand and planted native grasses and flowers. Combining
efforts o f students, children attending MNHC nature programs, and the general public,
invasive and exotic weeds were pulled and native species previously rescued from
developing areas were planted. This program received widespread attention throughout
the community and from the news media which may build interest and facilitate future
restoration efforts.
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Sustaining and Monitoring Restoration Efforts Using GIS Based Curriculum
Geographical Information Systems (GIS) technology is a relatively new tool
appropriate for use in a wide range o f disciplines (Kemp and Goodchild 1991).
Businesses (private and public), planners, architects, foresters, geologists, and
archeologists as well as most local, state and federal government agencies have utilized
GIS tools recently. Although GIS is widely used, major academic institutions offer few
courses in GIS (Clarke 1999; Wilke 1998; Macey 1997) and only recently have GIS
activities been integrated into middle and high schools (Gibson 1991; Ramirez 1995;
Michelsen 1996). GIS training is now available for teachers and educators through UM ’s
programs in adult and continuing education and workshops are available locally as well for
individuals seeking additional training.
The goal o f this curriculum is to teach people how to use computers, the internet,
data management programs and mapping equipment typical o f land use planning and
environmental research. Creating opportunities for students to use computers and internet
technologies in the classroom fosters skills that can be utilized in the fiiture workplace.
Accessing the internet to obtain GIS and other mapping resources allows students to
develop thought processes that are needed for higher order thinking and research
development (Friedrich and Blystone 1998; Alibrandi 1997).
Partnerships were formed with the MNHC, UM and Earth Observation Systems
(EOS) at the University o f Montana. The MNHC is a non-profit organization that
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provides environmental education programs for students and the general public. EOS is an
educational-based program whose mission is to provide GIS curricula to schools in
Montana. The partnership between the UM, MNHC and EOS is focused on developing
innovative ecological education programs using GIS as a tool in Western Montana and
adjacent areas.
Using the curriculum created for Sleven’s Island restoration, students will learn the
basics o f geographic information system tools (GIS) to explore and make
recommendations for solving fundamental management problems. GIS is an integral
component to natural resource monitoring and management plans and can be used to
create databases to measure and monitor changes (Goodpasture 1997). Using GIS will
help students develop higher level thinking skills, including spatial and table queries,
statistics, logic and compound expressions (Ramirez 1995; Ramirez and Althouse 1995).
GIS use also is expanding rapidly in many disciplines, creating a demand for training and
people with GIS knowledge (Kemp and Goodchild 1991). Therefore, teaching students to
utilize these tools builds skills that may be valuable for future employment opportunities
(Ramirez 1995).
Teachers and students will be able to download information they helped create
through internet linkages in their schools. These data will be available through the EOS
website and shared among schools through the internet, giving students the opportunity to
compare and analyze data from schools throughout the state. Internet data sharing by
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local communities will increase communication among students o f different schools in
Montana including schools from urban, rural, and tribal regions o f the state.
The Sleven’s Island restoration curriculum is intended for students to develop an
understanding o f current vegetation patterns. They will examine how these patterns
change over time and the effects these changes have on the ecosystem. Hopefully, the
students will build a foundation o f ecological understanding through map and computer
usage
The basic vegetation map o f the Ft. Missoula area was developed using ArcView
and Image Analyst in collaboration with students from UM (Figure 5). Coverages were
created containing information on the area denoting rivers, contours, trails and island
boundary. With assistance from Dr. Eric Edlund and myself, students from the Geography
388 course gather these data using GPS, GIS, and a plane table. Data was integrated into
their final class project (Appendix A). The final map and curriculum incorporating GIS
and restoration ecology can be from downloaded from the EOS webpage (URL;
W W W , eoscenter. com)

with a link from the MNHC for classroom use by local students

(Appendix B), EOS houses the data set and are responsible for updates after this project
is completed.
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Summary
The information collected during this study will allow the MNHC and UM to
assess the location o f invasive species found on Sleven’s Island and highlight areas most in
need o f restoration. Thus restoration efforts can be dedicated to the areas most affected
by invasive plants. It also provides baseline information prior to restoration efforts for
later comparisons.
GIS mapping is a powerful tool for developing and monitoring ecological
restoration management plans. Collection o f data on vegetation coverage data using the
permanent transects should be repeated at regular intervals as the restoration project
progresses. Repeating the measurements at regular intervals will allow for the creation of
new GIS vegetation coverages that can be compared from year to year. Thus the MNHC
and UM track the restoration process and determine the success o f the restoration
program.

Long-term Monitoring
This curriculum fits perfectly with the long-term goals o f the Montana Natural
History Center and sustaining the restoration project over time. The curriculum allows the
vegetation on Sleven’s Island to be assessed on a yearly basis and the changes to be
analyzed. The Montana Natural History Center is responsible for recruiting and assisting
the school groups that wish to participate in the restoration project. Participating students
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and teachers are to create the GIS coverages in the classroom with experience the teachers
gained from GIS courses available through EOS When data is entered into a GIS
database and theme, EOS will take the finished product and place it on their website.
Conversely, any vegetation data collected and entered into a GIS database by
professionals hired by the Montana Natural History Center should be given to EOS to be
placed on the website.
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Figure 2.1. Georeferenced aerial photograph of Steven's Island, June 1994.
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Figure 2.3. Vegetation community types of Sleven's Island In the summer of 1999.
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Figure 2.4. Percent o f cover o f native plants and exotic and invasive weeds on Sleven’s Island.
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F igure 2.5. A verage c o v e r o f each com m unily type on S leven’s Island expressed as a percentage (total island area = 166699 m^).
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T able 2.1. C lassification o f com m unity types.
Type

Dominant Plant Species

Black Cottonwood

Populus trichocarpa T. & G. (Black
Cottonwood)

Black Hawthorn
Boxeider

Crataegus douglasii Lindl. (Black Hawthorn)
Acer negundo L. (Boxeider)

Caragana
Common
Chokecherry
Disturbance Shrubs

Caragana (Siberian Pea)
Prunus virginiana L. (Common Chokecherry)

Russian Olive

Symphoricarpus albus (L.) Blake (Common
Snowberry), Rosa woodsii Lindl. (Wood Rose)
Agropyron repens (L.) Beauv. ((^uackgrass),
Poa pratense L. (Kentucky bluegrass), Phluem
pratense L. (Timothy)
Tanacetum vulgare L. (Common Tansy),
Centaurea maculosa Lam. (Spotted
Knapweed), Lychnis alba Mill. (White
Campion), Cynoglossum officinale L. (Hound’s
Tongue), Cirsium arvense (L.) Scop. (Canada
Thistle) are > 50% of cover
Elaeagnus angustifolia (Russian Ohve)

Siberian Elm
Willow

Ulmus pumila L. (Siberian Elm)
Salix spp. are > 50% of cover

Exotic Pasture

Herbaceous Weeds

Corresponding Community
Type from Hansen et aL
Black Cottonwood/Red-Osier
Dogwood Community Type or
unclassified type
None
Box-Elder/Chokecheny Habitat
Type or unclassified type
None
Conunon Chokecherry
Western Snowberry
Conununity Type
Poa pretense Community Type
or unclassified type
None

Russian Olive Community
Type
None
Various willow shrub types
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T able 2.2. E xotic sp ecies found on S lev e n ’s Island.

Species

Scientific Name

Black Hawthorn

Coatagus douglasii Lindl.

Bladder Campion

Lychnis alba Mill.

Boxeider

Acer negundo L.

Canada Thistle

Cirsium arvense (L.) Scop.

Catnip

Nepeta cataria L.

Clematis

Clematis ligusticifolia Nutt

Common Chokecherry

Prunus virginiana L.

Common Dandehon

Taraxacum officinale Weber

Common Tansy

Tanacetum vulgareL.

Creeping Buttercup

Ranunculus repens L.

Enghsh Plantain

Plantago lancolata L.

Evening Nightshade

Solanum dulcamara L.

Forget-me-not

Myosotis laxa Lehm.

Hound's Tongue

Cynoglossum officinale L.

Kentucky Bluegrass

Poa pratensis L.

Leafy Spurge

Euphorbia esula L.

Quackgrass

Agropyron repens(L.) Beauv.

Salsify

Tragopogon dubius Scop.

Siberian Elm

Ulmus pumila L.

Spotted Knapweed

Centaurea maculosa Lam.

Timothy

Poa pratense

Wooly Mullein

Verbascum thapsus L.

Yellow Sweet Clover

Melilotus officinale (L.) Lam
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T able 2.3. T otal percent cover o f each plant sp ecies on S le v e n ’s Island.
Species

Scientific Name

Black Cottonwood
Black Hawthorn
Bladder Campion
Boxeider
Canada Goldenrod
Canada Thistle
Catnip
Clematis
Common Chokecherry
Common Dandelion
Common Snowberry
Common Tansy
Creeping Buttercup
English Plantain
Equisetum
Evening Nightshade
False Solomon Seal
Forget-me-not
Goosefoot
Hound's Tongue
Kentucky Bluegrass
Leaiy Spurge
Prickly Lettuce
Quackgrass
Raspberry
Red-osier Dogwood
Salsify
Sandbar Willow
Sedge
Spotted Knapweed
Tall Meadowrue
Timothy
Siberian Elm
Wax Currant
White Spiraea
Willow species
Wood's Rose
Wooly Mullein
Yellow Sweet Clover

Populus trichocarpa T. & G.
Coatagus douglasii Lindl.
Lychnis alba Mill.
Acer negundo L.
Soli dago canadensis L.
Cirsium arvense (L.) Scop.
Nepeta cataria L.
Clematis ligusticifolia Nutt.
Prunus virginiana L.
Taraxacum officinale Weber
Symphoricarpos albus(L.) Blake
Tanacetum vulgareL,.
Ranunculus repens L.
Plantago lancolata L.
Equisetum arvense L.
Solanum dulcamara L.
Smilacina stellata (L.) Desf.
Myosotis laxa Lehm.
Chenopodium spp.
Cynoglossum officinale L.
Poa pratensis L.
Euphorbia esula L.
Lactuca serriola L.
Agropyron repens(L.) Beauv.
Rubus idaeus L.
Cornus stolonifera Michx.
Tragopogon dubius Scop.
Salix exigua Nutt.
Carex spp.
Centaurea maculosa Lam.
Thalictrum dasycarpum Fisch. & Ave-Lall.
Poa pratense
Ribes cereum Dougl.
Spiraea betulifolia Pall.
Salix spp.
Rosa woodsii Lindl.
Verbascum thapsus L.
Melilotus officinale (L.) Lam

Percent
Cover (%)
0.2
6.8
0.0
0.9
1.7
6.5
3.3
0.0
0.3
0.3
29.9
4.9
8.2
0.0
3.7
5.2
0.2
0.2
6.0
2.9
16.1
4.1
0.0
34.2
0.4
3.7
0.0
12.0
12.6
12.0
4.0
8.0
1.3
2.3
0.0
0.4
6.1
0.0
0.7

Native, Exotic or
Invasive Plant
Native
Invasive
Exotic
Invasive
Native
Invasive
Native
Exotic
Native
Exotic
Native
Invasive
Exotic
Invasive
Native
Exotic
Native
Native
Exotic
Invasive
Invasive
Invasive
Exotic
Invasive
Native
Native
Exotic
Native
Native
Invasive
Native
Exotic
Exotic
Native
Native
Native
Native
Exotic
Exotic/Invasive

00

m

Table 2,4. C om position o f plant species on each transects along S leven ’s Island (T means < 5%).
Species

Scientific Name

T1

T2

13

T4

TS

T6

T7

T8

T9

no

Average Average Average Average Average Average Average Average Average Average
(sd)
(sd)
(sd)
(sd)
_(sd_i
(sd)
(sd)
_(sdj_
m
(sd)
0.4
T
(±1.3)
0.3
6.2
2.3
18.3
(±11.9)
(±6.8)
(±14.0)
(±1.3)
T
.

Black
Cottonwood
Black Hawthorn

Popttlus trichocarpa T. & G.
Coatagus douglasii Lindl.

Bladder Campion Lychnis alba Mill.
Boxeider

Acer negundo L.

Canada
Goldenrod
Canada Thistle

Solidago canadensis L.

Catnip

Nepeta cataria L.

Clematis

Clematis ligusticifolia Nutt.

Common
Chokecherry
Common
Dandelion
Common
Snowberry
Common Tans>

Prunus virginiana L.

Creeping
Buttercup
English Plantain

Ranunculus repens L.

Cirsium ar\>ense (L.) Scop.

Taraxacum officinale Weber
Symphoricarpos albtis(L)
Blake
Tanacetum vu/gareL.

Plantago lancolata L.

5.0
(±11.0)

5.7
(±7.7)
3.1
(±3.8)

T

T

T
0.83
(±1.95)
0.4
(±1.3)
T

1.54
(±3.76)
T
10.0
(±15.0)

0.3
(±1.3)
2.3
(±4.2)
2.7
(±4.6)

1.00
(±2.8)

1.9
(±4.4)
0.33
(±1.3)
8.1
(±6.6)
1.3
(±3.5)

T
0.8
(±2.8)
7.0
(±12.8)

0.8
(±2.9)
4.6
(±6.3)

T
T

21.0
(±36.6)

50.4
(±26.2)

25.8
(±35.3)

3.6
(±9.5)

24.3
(±26.9)

43.9
36.0
37.3
(±35.1) (±36.89) (±33.6)
14.3
0.3
(±28.1) (±1.3)
16.9
4.0
(±32.6)
(±8.1)
T

11.2
(±11.2)
7.5
0.9
(±2.0) (±10.61)

o\
m

Table 2.4. con’t
Species

Scientific Name

Equisetum

Equisetum arvense L.

Evening
Nightshade
False Solomon
Seal
Forget-me-not

Solanum dulcamara L.

Myosotis laxa Lelim.

Goosefoot

Chenopodium spp.

Hound's Tongue

Cynoglossum officinale L.

Kentuck}'
Bluegrass
Leafy Spurge

Poa pratensis L.
Euphorbia esula L.

Prickly Lettuce
Quackgrass

Lactuca serriola L.
Agropyron repens(L.) Beauw

Raspberry

Rubus idaeus L.

Red-osier
Dogwood
Salsify

Cornus stolonifera Miclix.

Sandbar Willow

Salix exigua Nutt.

Smilacina stellata (L.) Desf.

Tragopogon dubius Scop.

T1

T2

T3

14

T5

16

T7

18

T9

no

Average Average Average Average Average Average Average Average Average Average
(sd)
(sd)
(sd)
__(s^
(sd)
(sd)
(sd)
(sd)
(sd)
(sd)
0.3
3.64
1.2
T
15.4
1.4
(±1.3)
(±16.4)
(±2.4)
(±3.9)
(±2.2)
5.0
7.0
1.0
13.5
5.0
(±6.4)
(±3.9)
(±9.8)
(±23.1) (±16.1)
1.3
0.4
(±3.1)
(±1.4)
0.4
T
(±1.4)
10.3
0.4
0.4
19.0
(±22.2)
(±1.3)
(±1.3)
(±32.8)
3.9
1.8
(±8.4)
(±5.4)
14.6
11.3
6.1
45.0
49.7
4.2
5.4
2.2
6.2
(±37.5)
(±7.0)
(±11.0) (±10.1) (±5.1) (±23.6) (±13.7) (±4.2) (±0.00)
0.4
1.7
T
0.3
21.9
0.3
(±30.6)
(±1.3)
(±1.3)
(±3.1)
(±1.4)
T
47.7
45.0
20.9
17.0
88.3
33.1
42.3
27.3
T
20.0
(±0.00)
(±26.1)
(±37.3) (±21.2) (±35.2) (±27.5)
(±20.8) (±32.1) (±13.1)
0.7
0.3
0.3
(±1.3)
(±2.6)
(±1.3)
0.3
14.7
1.9
0.4
1.3
3.3
(±3.8)
(±1.3)
(±4.0)
(±1.3) (±21.3) (±11.6)
T
7.3
16.7
(±11.7) (±11.55)

o

Table 2.4. con’t
Species

Scientific Name

Sedge

Carex spp.

Spotted
Knapweed
Tall Meadowrue

Centaurea maculosa Lam.

Timothy

Thalictrum dasycarpum
Fisch. & Ave-Lall.
Poa pratense

Wax Currant

Ribes cereum Dougl.

White Spiraea

Spiraea betulifolia Pall.

Willow species

Salix spp.

Wood's Rose

Rosa woodsii Lindl.

Wooly Mullein

Verbascum thapsus L.

Yellow Sweet
Clover

Melilotus officinale (L.) Lam

T1

T2

T3

14

T5

T6

T7

T8

T9

no

Average Average Average Average Average Average Average Average Average Average
(sd)
(sd)
(sd)
(sd)
Cs_d)_ _ (sd)
(sd)
(sd)
(sd)
(sd)
2.92
25.0
22.0
0.4
(±8.65)
(±0.00)
(±31.2)
(±1.4)
12.0
(±17.51)
8.0
0.8
3.2
(±7.5)
(±17.4)
(±2.9)
8.0
(±16.0)
2.3
(±5.0)
T
0.7
(±2.7)

T
0.7
(±2.6)

0.3
(±1.3)
8.7
(±14.6)

0.3
(±1.3)

0.3
(±1.3)
8.2
(±19.6)

0.4
(±1.3)
1.3
(±5.2)

2.7
(±7.3)

14.0
(±17.4)

7.3
(±14.4)
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Table 2.5. A ttribute table from vegetation coverage created in A rcV iew .

V egetation
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Cottonwood
Black Hawthorn
Boxeider
Boxeider
Boxeider
Boxeider
Caragana
Caragana
Caragana
Caragana
Common Chokecherry
Common Chokecherry
Common Chokecherry
Common Chokecherry
Common Chokecherry
Common Chokecherry
Disturbance Shrubs
Exotic Grasses
Herbaceous Weeds
Herbaceous Weeds
Russian Olive
Russian Olive
Siberian Elm
Water
Water
Willow Species
Willow Species
Willow Species
Willow Species
Willow Species

A rea (m^)
709.1
1335.2
1762.6
12621.1
2698.2
4015.8
796.9
2970.8
16795.4
2609.4
1744.6
1140.6
5955.3
2087.8
4278.6
1541.4
2511.5
339.4
5.2
30.1
118.7
60.5
56.1
1837.4
836.8
621.4
742.3
658.8
511.4
309.8
61607.1
63.8
125.8
481.6
4325.6
1443.4
1160.8
599.4
16265.6
872.5
252.9
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Table 2.5. con’t
Willow
Willow
Willow
Willow
Willow
Willow

Species
Species
Species
Species
Species
Species

7379.9
2946.1
753.1
1723.6
207.6
557.7

Chapter 3: Creation of a Voucher Collection and Educational Display for the
M ontana Natural History Center
Introduction
Environmental education programs have been shown to increase ecological
awareness, and promote conservation o f resources (Jacobson 1990b; Manazanal et al,
1999). It removes students from the traditional classroom setting and allows for learning
in an outdoor context (Orr 1989; Armstrong and Impara 1991; Manazanal et al. 1999).
Environmental education promotes understanding o f conservation issues (Jacobson
1990a) and can alter people’s attitudes (Caro et al. 1994). Environmental education
programs have been shown to address issues o f habitat loss and degradation, and increase
ecological awareness, producing favourable attitudes towards the environment and
promoting resource conservation (Jacobson 1990a; Jacobson 1990b).
Integrating plant ecology into the classroom is often difificult and neglected
(Hershey 1993). The lack o f enthusiasm o f the students towards this subject is one o f the
most difficult obstacles to overcome (Daisy 1996). One method to overcome the
difihculties is through field research and hands-on environmental education.
Having children do research in an outdoor setting provides a perfect environment
for learning. Students get excited and naturally become curious about their surroundings
(Hogan and Berkowitz 1999). This curiosity and interest is fostered using studentcentered inquiry methods where students have been shown to have improved learning of
content, science processes, creativity, and logic skills (Snetsinger et al. 1999; Caton et al.
2000 ).
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The schoolyard and surrounding areas provide an ideal setting for environmental
education and the study o f plant ecology (Hogan 1994; Feinsinger et al. 1997b). Placing
learning in the context o f the local environment allows children to think about their local
environments as a source o f intrigue and ecological exploration (Hogan and Berkowitz
1999) and helps create a sense o f place (Weber 1994; Nixon 1997). Including
collaborations between professionals and science centers, schoolyard studies can be a
synergistic blend o f science education, natural history, and environmental education
(Berkowitz et a l 1995; Feinsinger et a l 1997a; Feinsinger et a l 1997b; Caton et a l
2000 ).
How can communities pull together to promote environmental awareness and
literacy? One effective example has been developed in Western Montana. In a new
partnership, the Montana Natural History Center (MNHC), University o f Montana (UM)
and Montana Native Plant Society (MNPS) have taken on the challenge o f restoring a
disturbed riparian area to a more natural state, through education and collaboration. The
MNHC is a non-profit organization that provides environmental education programs for
students and the general public. The MNPS mission is to create awareness o f native plants
and animals around Montana. The partnership between the UM, MNHC and the MNPS is
focused on developing innovative ecological education programs and opportunities in
Western Montana and adjacent areas. Creating awareness o f the natural environment
through ecological activities is one o f the main goals.
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One o f the first activities was to promote awareness o f native plants, effects of
invasive species on native populations, and to integrate plant ecology into a local school
district’s curriculum. The goal was to develop an educational collection o f native plants
for use in exhibits and as reference vouchers. Students o f all ages participated in plant
collection, learned to identify local native plants, and had opportunities to participate in
the site-based student research through the MNHC. The voucher and educational
materials became part o f the permanent collection at the Montana Natural History
Center’s Nature Center at Fort Missoula. These materials are available for use by students
from local K-12 schools, teachers, and the general public. In this chapter, I describe
procedures for making a voucher collection and curricular activities for plant education.
Data assessing the programs impact on learning and appreciation o f native plants and
problems associated with non-native species was analyzed.

Approach for Site-Based Plant Research
Professional Collection
Plant specimens were collected around the Missoula area and Western Montana.
These specimens were pressed for preservation and identification. After collection,
specimens were dried for 24 hours at 6TC . Dry plants were mounted on 28 x 21.5 cm
acid free cardstock paper and covered with contact paper. Labels provided information
on common and scientific names, plant family, date o f collection, the name o f the person

46
collecting and identifying each specimen, and an identification number. Plants collected by
professionals were included in the voucher collection, but not in the educational collection.
Plants in the voucher collection were compiled into binders for an educational resource
and storage at the MNHC. No endangered species were collected at any time.
Creating a Student Voucher Collection
An integral part o f developing a local voucher collection was to involve local
students in the research and collection. Before students participated in the fieldwork,
there was a short for 10 minute introduction on the objectives o f the lesson - to collect
plant specimens to create a voucher collection and educational display for the MNHC. A
two part pre-test was given to test their knowledge o f and feelings toward native, exotic,
and invasive plants, and to probe their understanding o f the influence o f non-native plants
on biodiversity (Table 3.1 and 3.2).
Day one began with a short discussion on the differences between native, non
native, and invasive species. Native plant species were defined as plants that were
indigenous to an area (Schwartz 1997). Non-native plants were defined as plants that
were not indigenous to North America and were brought by settlers from another country
(MacDonald et a i 1995). Weed plants were defined as any unwanted plant, native or
non-native (Schwartz 1997). Invasive plants were non-native species that tended
dominate an area when established and often out-compete native plants for resources and
space (Randall 1997). Lastly, before heading into the field, a short demonstration was
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presented on how to collect specimens (including stem, roots, leaves and flowers) and
how to prepare them for preservation. Techniques for “pressing” specimens are described
in Table 3.3.
After the introduction, students worked in local field sites such as the MNHC at
Fort Missoula or their schoolyard. Students were placed into groups o f 2-3 and provided
with a plant press and plant identification guide. Students collected as many different
species o f plants as possible and tried to identify plants at the time o f the collection. They
placed their plants in the plant press in a way that best displayed flower, leaves, and roots.
Students were encouraged not to collect a specimen if there was only one individual in the
area. Moreover, students were instructed never to collect endangered species. It is
recommended that slides or photographs o f local endangered species be taken into the
classroom so students know what the plants look like and to ensure that these species are
not collected. When the class was over, presses were taken to the University o f Montana
and dried for 24 hours at 6TC .
The second part o f constructing the voucher collection was classroom-based. The
session began with a review o f the differences between native, exotic, and invasive plants,
and the effects these plants have on biodiversity. Instructions were provided on how to
identify and mount plant specimens. Use o f a field guide, an identification key, and
different parts o f the plant that are useful to identify a plant were reviewed. A
demonstration was given on how to mount plants using botany paste and cardstock paper;
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separate instructions were given for both the voucher collection and educational display
mounting.
The students worked in small research groups. Each group retrieved the plant
press from their earlier fieldwork. First, students identified plants to family or genus using
field guides for the region (Spellenberg 1979; Lackschewitz 1991; Kershaw et al. 1998).
Scientists and student volunteers from the University o f Montana as well as the classroom
teacher aided identification. Once the species name was established, students determined
whether the species was native or non-native.
Plants were mounted onto acid free paper cardstock for the voucher collection or
onto herbarium paper for the educational display using standard herbarium mounting
techniques. For later use in preparation o f labels, students provided their name, location
and date, species (common and scientific name), and if the plant was native or non-native.
At the end of the unit, students completed a post-test to assess attitudes after their field
and class experiences studying local plants (Tables 3.1 and 3.2).
Graduate students at the University o f Montana verified taxonomic identifications
o f the mounted plant specimens. Once verified, specimens for the voucher collection were
covered with contact paper, labeled and given to the MNHC for their permanent
collection.
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Voucher Collection and Educational Display
Plants mounted for the educational display were placed in a permanent collection
at the MNHC. These educational specimens provide visual displays for learning about
non-native species as well as native species found in the area. Staff and volunteers at the
MNHC incorporate these specimens into displays and programming at the Nature Center.
An example o f a recent display discussing invasive weeds on Sleven’s Island is given is
Figure 1.1.
A total o f 604 plant specimens representing 122 species were collected and placed
into the voucher collection (Figure 3.2). Six resource voucher binders were created.
Binder I has a complete set o f plants but binders 2-6 are missing some species (see Table
3 .4 for species list o f plant specimens within each binder). Plant specimens were placed
into transparent folders in binders to be used at the MNHC. The collection was broken
into colour groupings based on The Audubon Society Field Guide to North American
Wildflowers (Spellenberg 1979). Excluding the colour orange, plants were sorted into
groups based on colour o f the flower (pink, yellow, green, red, blue/purple and white), to
make the voucher collection easier to use. When plants are flowering students can find a
flower, and turn to the section that depicts the colour o f the flower instead o f having to
search through all the specimens. Specimens, once placed into colour groupings, were
then organized in taxonomic order (Lackschewitz 1991).
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Pre- and Post- Assessment
Students completed the same two-assessment tool before (n=87) and after (n=73)
their participation. The first part evaluated the students’ attitudes towards native plants
and biodiversity using 14 questions (see Table 3.5). The second part consisted o f 6
questions and evaluated student knowledge o f concepts related to weeds, native plants,
and biodiversity (Table 3.2).
Responses for each question from part one were averaged. Attitude data on preand post-test questions were compared using a Mann-Whitney U-test (Sokal and Rolf,
1994; Figure 3 .3). Questions from part two were scored using a grading rubric (Table
3.5), and the means for before and after responses were compared using a Mann-Whitney
U-test. The frequency o f correct answers for each question also was determined and the
before and after values were compared using a chi-squared test (Sokal and Rolf 1994).
All statistical tests were performed in SigmaPlot 2.0.
While there was a slight positive trend for improved attitudes after the plant unit,
analysis revealed no significant change (Table 3.1). The assessment data indicated that the
students enjoyed learning about native plants. After the lesson, more students felt that
invasive weeds and spotted knapweed were a problem in Western Montana, although they
also felt that knapweed was beautiful and had some benefit to the ecosystem. This
indicates an increased appreciation o f plants as organisms and increased admiration for
their beauty. Students appeared to realize that loss o f biodiversity is a problem in
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Montana, but did not see this as an issue for rainforest habitats. This indicates that the
students were not extrapolating the loss o f biodiversity in their environment to a new
situation in other environments. Students were aware o f the impacts o f invasive species
because they had observed this problem in their yard, but they may not have realized that
invasive plants are a major problem in the tropics as well.
There was no change in attitude regarding the effects o f humans on biodiversity,
and the protection o f native plants, probably because students already agreed that humans
negatively effect ecosystems, and that native plants may need to be protected. There was
a negative change in attitude regarding “I do all I can to protect native species” and T feel
that it is important to restore an area back to its native state” that indicating that this
program increased awareness o f invasive species but did not lead to action. Students were
neutral on whether or not all plants were equally important in a food web and what they
could do to control the spread o f invasive weeds.
Based on data from the knowledge questionnaire, there was a significant increase
(p=0.001) in understanding o f plant related concepts after the plant unit (Figure 3 .3).
Students could define an invasive plant, weed, and native species correctly more
frequently on the post-test (p=<0.001). An example o f a correct answer from a student
defining invasive plant was Tt is a plant that is from a different country and takes over an
area” . Less acceptable answers included “A plant or animal that takes over” or “a plant
that has been introduced.” Most students knew that a native plant is “a plant that has
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always been here.”
Students also improved their scores for questions on restoration, human impacts
on native plant populations, and the definition o f biodiversity correctly, but this trend was
not significant (Figure 3 .4). Students realized that human activities “spread weed seeds
and pollute the air” or “build a building on their home” that cause native plants “to die.”
Many students stated humans “harmed native plants” but never gave an example of
activities. Students had difficulty defining biodiversity both before and after the plant
activity. Suggesting a further need for instruction in this area. Most students defined
biodiversity as “different kinds o f plants”, “plants living together” or “the study o f plants.”
Based on the scores o f both the attitude and knowledge assessment, the students
who participated in this study acquired a deeper understanding o f native plants, an
appreciation for the diversity o f plants in Montana, and for the effects that invasive weeds
have on the environment. Although no significant change was found for the three
questions specifically related to attitudes regarding restoration, human impacts on native
plant populations and the definition o f biodiversity, students answered the questions
correctly more frequently. Significant differences may not have been found due to low
power and small sample size in the statistical analyses, or, given that this was the first
exposure to these ideas, some students may need more time to refine their naïve ideas into
well articulated concepts.

Sustaining the Program
The voucher and educational collections have been integrated into programs by
both the MNHC and University o f Montana to increase knowledge about native plants and
threats to their survival. This will help develop an understanding in local citizens about
what can be done to protect native plants in a region that is increasingly facing loss of
habitat and, consequently, biodiversity.
Since these collections are permanent, activities designed to sustain this program
should only include adding to the existing voucher and educational collections or using the
collections for identification. A new collection should not be created each year.
Explaining why only one permanent collection is needed and that a minimal number of
plants should be collected may increase knowledge and awareness about the effects of
humans on the environment.
An educational display o f noxious weeds collected by the students has been on
display at the MNHC since October 1999. The display discusses four invasive plants
found on Sleven’s Island (Common Tansy, Spotted Knapweed, Dry Dock, and Canada
Thistle; see Figure 3.2). Information on where the plant originated, how it was
transported, and its rate o f spread in Montana is provided. The development o f this
educational display and voucher collects allows students and the general public to have
easy access to a local herbarium collection at all times. Prior to the completion of this
project, access to collections o f local native plants was limited. For example, the
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herbarium collection at the Missoula Public Library is available for viewing only.
Although the University o f Montana Herbarium collection is extensive, few members of
the general public have ready access to it because it is reserved for UM student and staff
use only (David D yerpers. com m ).
Allowing students to participate in site-based research helps create an interest in
native plants, the local area, and a sense o f place. These activities promote comfort and
connections with their surroundings, allowing students to think about their local
environment and their role in causing or preventing impacts (Feinsinger et al. 1997a;
Feinsinger et al. 1997b; Hogan and Berkowitz 1999). By becoming familiar with an area
and the native plant species, students may be able to detect more easily the effects invasive
plants as they move to an area. Thus, the students will be more aware o f environmental
change, and habitat degradation and loss. Ideally, development o f this type o f knowledge
leads to environmentally literate citizens and eventually to greater comprehension of
causes o f environmental degradation, and consequences o f human influences on the
environment. Having this information at an early age helps foster skills, commitment, and
motivation to take responsible action for the environment (WWF et a i 1998; Eagles and
Demare 1999).

Extensions for the Classroom
This type o f site-based research is very easily modified to include many other
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aspects o f the ecosystem. Activities that discuss the cascading effects invasive plants have
on other organisms in the system (such as small mammals, insects, birds, and abiotic
factors like soil conditions) could be created. It would also be beneficial to demonstrate
effects invasive plants have on the environment by comparing animal communities in
natural areas with those areas taken over by invasive weeds.
A natural extension o f this activity would experiment on methods to control weeds
(i.e., which control methods are best and why). This could incorporate biocontrols,
chemical treatments, native plant competition, fire, and physical removal. Students would
be able to report to local researchers, managers and citizens on the best management plan
for an area (see White and Simms 1993 for example). Lastly, students could get involved
in an invasive plant removal project to restore habitats to native vegetations.
An extension to research endangered species is easily implemented. Students can
choose rare or endangered plants and report on what processes lead to this status. During
such a study, it could be valuable way to present slides or pictures o f these rare or
endangered species to ensure none o f these plants get collected.
The results o f the survey regarding effects o f invasive weeds in other habitats
suggest that there is a need for more activities linking problems in their backyard to other
areas and habitats. Students could examine other regions/biomes o f the world and
determine the effects non-native and invasive plants have on the ecosystem. Activities
examining the effects o f North American species on plant populations in other areas of the
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world.
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Figure 3,1. Photograph o f an educational display at the Montana Natural History Center
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Figure 3.2. Example o f a plant specimen from the voucher collection.
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Figure 3 .3. Average score o f pre- and post-test (with standard error) out o f a maximum
score o f 14. Using a M ann-Whitney U -test scores, were found to be
significantly different (p=0.001) at a=0.05.
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Figure 3.4 Frequency of correctly answered knowledge questions from the pre-and post- test.
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T a b le 3.1

A ttitude assessm en t o f the pre-and p ost-test g iv en to participants.

1. I feel that invasive/weed plants are a
problem.

Strongly disagree

2

Neutral

Strongly agree

3

4

5

3

4

5

2. Spotted Knapweed is beautiful.
3. The loss o f biodiversity is a problem
in Montana.
4. Human activities can hurt
biodiversity.
5. I do all I can to control the spread of
invasive species.
6. I do all I can to protect native
species.
7. I feel that restoring an area back to
its natural condition is important.
8. All plants equally important in a
foodweb.
9.

Spotted Knapweed has no benefit.

1 0 .1 like learning about native plants.
11. The loss of biodiversity is a problem
in the rainforest.
12. There are some species we should
not try to protect.
13. W e should try and protect all native
species.
14. I do not worry about weeds.
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Table 3.2 Knowledge questions of the pre- and post-test given to participants.

Questions
1. W h at is an invasive species? G ive one exam ple o f a p lan t and one exam ple o f
an anim al.
2. W h at is a w eed? G ive on e exam ple.

3. W h at is a native species? G ive one exam ple o f a plan t and one exam ple o f an
anim al.
4. W h y are people in M isso u la trying to rem ove invasive species and bring b ack
native species?

5. D escribe hum an im pacts on native p lant populations.
6. W h at is biodiversity?
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T a b le 3.3 Instructions h ow to create and u se a plant press.

Materials

1.
2.
3.
4.

Methods

1.
2.

3.
4.
5.
6.
7.

2 pieces plywood (30 x 46 cm) for each plant press
cardboard pieces (30 x 46) - number dependent on number
of plants collected
newspaper - goes between the pieces of cardboard. Need
two less than the number of cardboard pieces.
2 pieces of rope for each plant press

Collect specimens.
Place plant between on a piece of newspaper. Leaves and
flowers (if more than one) should be placed facing
upwards and downwards.
Place another piece of newspaper on top of the plant.
Put the plant and newspaper between two pieces of
cardboard.
Repeat for all specimens collected
Place all plants between the 2 pieces of plywood and
tighten down with rope.
Dry specimens. If oven is not available place in warm,
dry, well ventilated area. Change newspaper daily to help
the plants dry more quickly. The colour is better
preserved when plants dry faster (Arbel 1991)

VO
VO

Table 3.4. Plant specimens within each voucher collection binder.
Common Plant Name

Scientific Name

Albert's Penstemon
Alfalfa
American Bistort
American Vetch
Arrowleaf Balsamroot
Asparagus
Big Sagebrush
Bird's Foot Trefoil
Bittersweet Nightshade
Blanket Flower
Blue-eyed Mary
Box Elder
Brittle Bladder Fern
Camas
Canada Goldemod
Canada Thistle
Columbia Virgin's Bower
Common Bindweed
Common Chokecherry

Penstemon albertinus Greene
Medicago sativa L
Polygonum bistortoides Pursh,

V ida americana Muhl.
Balsamorhiza sagittata (Pursh) Nutt.

Asparagus o ffid m lis L
Artemisia trideiHata Nutt
Lotus corniculatus L.
Solamim dulcamara L.

Gaillardia aristata Pursh
Collinsia parviflora Lindl.
Acer negundo L.

Cystopteris fragilis (L.) Bernh.
Camassia qtiamash (Pursh) Greene

Solidago canadensis L.
Cirsium aiyense (L ) Scop.
Clematis columbiana (Nutt.) T. & G.
Convolvulus arvensis L.
Primus virginiana L

Specimen Number
Native (N)
Or Exotic (E) Binder 1 Binder 2 Binder 3 Binder 4 Binder 5 Binder 6
50
51
49
52
53
N
48
212
207
211
208
529
E
530
224
223
226
221
225
222
N
538
172
170
171
173
E
169
258
166
259
257
N
497
498
499
500
E
496
396
N
289
290
288
291
292
E
287
318
320
319
317
316
E
422
421
N
284
283
285
286
N
282
281
389
340
339
E
338
390
483
484
N
481
482
232
230
228
229
N
227
231
505
N
504
502
503
E
515
93
N
92
91
130
129
133
131
N
132
N
402

Table 3.4 con’t

Common Dandelion
Common Juniper
Common Snowberry
Common Tans>'
Creeping Dogbane
Curly Dock
Cushion Buckwheat
Cutleaf Daisy
Dalmalion Toadflax
Death Camas
Desert Swale Biscuitroot
Shooting Star
Elegant Mariposa
Evergreen Ceanotlius
Field Cliiclaveed
Field Mint
Field Pussy-toes
Field Sorrel
Fringed Sagewort
Glacier Lily
Glandular-leaved Labrador Tea
Gooseberry-leaved Alumroot
Hairy Golden Aster
Harsh Paintbrush
Heal-all
Heartleaf Arnica
Henbane
Large-flowered Collornia
Leafy Spurge
Long Prickly-headed Poppy

Taraxacum officinale Weber
Jimiperus commtmis L
Symphoricarpos albus (L.) Blake

Tanacetum vulgare L
Apocymim androsaemifoliiim L.

Rum ex crispus L
Eriogotmm ovalifolium Nutt.

Ehgeron compositus Pursh
Linaria dalmatica (L.) Mill.
Zigadenus venetious Wats.
Lomatium ambigiiutn (Nutt.) Coult. & Rose

Dodecaiheon spp.
Calochortus elegans Pursh
Ceanothus velutinus Dougl.
Cerastium ar\>ense L.

M entha atyensis L.
Anteimaria neglecta Rydb.
Rumex acetosella L.

Artemisia frigida Willd.
Erythronium grandijlorum Pursh
Ledum glandulosum Nutt.
Heuchera grossuiahifoiia Rydb.

C hysopsis villosa (Pursh) Nutt.
Castilleja hispida Benth.
Prunella vulgaris L

Arnica cordifolia Hook.
Hyoscyamus niger L.
Collomia grandiflora Dougl.
Euphorbia esula L.
Papaver argemone L.

E
N
N
E
Natvie (N) or
E
N
N
E
N
N
N
N
N
E
N
N
E
N
N
N
N
N
N
N
N
E
N
E
N

351
395
78
508
246
520
374
461
45
9
252
535
18
154
13
512
409
302
344
346
205
468
414

8
326
386
492
218
532
300

79
506
245
519
369
460
46

10
251

82
507
248

83

81

80

247

250

249

370

371

372

373

44
3
254

256

253

255

151

152

21
153
12
511
412
308

20
155
14
514
410
301

19
150
11
513

201
467
405
22
323
387
491

202
168
404
2
325
385

321
388

31

37

32

303

204
167

536
411
306

203
466
403

305

206

324

36

35

oo

'O
Table 3.4 con’t

Low Hop Clover
Low Larkspur
Meadow Buttercup
Mountain Sandwort
Ninebark
Orange Arnica
Oregon Grape
Oregon Sunshine
Oxeye Daisy
Pasqueflower
Pennycress
Pineapple-weed
Pink Fairies
Piper's Anemone
Pointed Mariposa
Prarie Smoke
Queencup
Raceme Pussy-toes
Red Clover
Red Osier Dogwood
Rocky Mountain Maple
Rosy Pussy-toes (Pink)
Rosy Pussy-toes (Wliite)
Sand Pliacelia
Scarlet Gilia
Seniceberr>'
Siberian Pea

Trifolium procumbens L.
Delphinium bicolor Nutt
Ranunculus uncinatus D. Don
Arenaria capillaris Poir.
Physocarpus malvaceus (Greene) Kimtze
Arnica f u i gens Pursh
Berberis repens Lindl
Eriophyllum lanatum (Pursh) Forbes
Chrysanthemum leucanthemum L.
Anemone nuttalliana DC

Thlaspi arvense L.
Matricaria mati icarioides (Less) Porter
Clarkia pulchella Pursh
Anemone piperi Britt.
Calochortus apiculatus Baker
Geum triflorum Pursh
Clintonia uniflora (Schult.) Kimth
Antennaria racemosa Hook.
Trifolium pratense L.
Cornus stolonifera Michx.
Acer glabrum Torr.
Antennaria microphylla Rydb.
Antennaria microphylla Rydb.
Phacelia linearis (Pursh) Holz.
Gilia aggregate (Pursh) Spreng.
Amelanchier alnifolia Nutt.
Caragana arborescens RsA.

E
N
E
N
N
N
N
N
E
N
E
N
N
N
N
N
N
N
E
N
N
N
N
N
N
N
E

298
26
103
271
183
434
489
142
116
357
423
348
276
273
240
352
327
419
359
74
192
384
432
64
58
27
337

299

295

106
266
180

523
267
181

275
141
119

488
139
117

424

427

294
25
105
269
184
436
487
143
265
356
428
495
277
274
239
353
328
420
358
73

293
23
104
270
85
435
486
140
118
354
429
501
280

296
24
102
268
185
437
30
138

242

244
472

241
473

243

187
527
350

186
528
72

190

110

188
526
76

383

382

380

381

65
55
6
341

62
54

63
56

61
59

355

278

279

75

60
57
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Table 3.4 con’t

Silverleaf Phacelia (White)
Silver)' Groundsel
Sitka Valerian
Small Bedstraw
Small Bluebells
Smaller Froget-me-not
Spotted Knapweed
Spreading Fleabane
Sticky Crazyweed
Stick)' Wild Geranium
Stinging Nettle
Sulphur Buckwheat
Sulphur Cinquefoil
Tall Meadowrue
Tall Pussy-toes
Tapertip Hawksbeard
Tliin-leaved Owl Clos er
Trilium
Tumblemustard
Venus' -Slipper
Wax Current
Wester Sweet-cicely
Western Stenantluum
Western Violet (Yellow)
Western Violet (Violet)
White Campion
White Clover
White Spirea

Phacelia hastata (Pursh) Holz,

Sem cio camts Hook.
Valeriana sitchensis Bong
Galium thfidum Michx.
Mertensia longiflora Greene

Myosotis laxa Lehm.
Centaurea maculosa Lam.
Engeron divergens T.&G.
Oxyti'opis viscida Nutt.
Geranium viscosissimum F. & M.
Urtica dioica L.
Eriogonum umbellatum Torr.

Potentilla recta L
Thalictimm dosycarpum Fisch. & Ave-Lall.

Antennaria anaphaloides Rydb.
Crepis acuminata Nutt.
Orthocarpus tenufolius (Pursh) Benth.
Trilium ovatum Pursh

Sisymbrium loeselii L.
Calypso bulbosa (L.) Oakes
Ribes cereum Dougl.
Osmorhiza occidentalis (Nutt.) Torr.
Stenanthium occidentale Gray
Viola orbicidata Geyer
Viola orbiculata Geyer
Lychnis alba Mill.

Trifolium repens L.
Spiraea beiulifolia Foil.

440

471

238
368

234
367

237

233

540

541

542

544

543

261
314
144

264
311
147

262
312
148

310
146

263
309
149

333
433
361
198

485

336

334

332

363
197

364
196

362
195

417
194

479
378
518
156
163
5
98
124

475
377
517
158
165

476
16

474

379
159
164

161
470

160
469

97
126

96
125

94
123

95
122

89

86

87

N
N
N
N
N
N
E
N
E
N
E
N
E
N
N
N
N
N
E
N
N
N
N
N
N
E

438
430
235
366
90
391
516
539
537
260
313
145
533
335
408
360
199
200
477
376
345
157
162
4
99
127

439
431
236
365

E
N

458
84

457
88

392

17

o

Table 3 .4 con't
White Sweet Clover
White Virgin's Bower
Wild Hyancintli
Wood's Rose
Wormleaf Stonecrop
Wyeth’s Lupine
Yarrow
Yellow Monkey Flower
Yellow Salsify
Yellow Sweet Clover
Yellowish Paintbrush

Melilotus alba Desr.
Clematis ligusticifolia Nutt.
Brodiaea douglasii Wats.
Rosa woodsii Lindl.
Sedum sienopetalum Pursh

Lupitms wyethii Wats.
Achillea millefoilum L

Mimuhis giittatus D C .
Tragopogon dubius Scop.
Melilotus officinalis (L.) Lam.
Castilleja lutescens (Greenm.) Rydb.

E
N
N
N
N
N
N
N
E
E
N

525
215
7
343
40
399
494
447
41
331
179

524
214
1
342
39
400
349
449
42
330
178

217
29
38
401
193
448
43
329
177

216
28
393

174

213
394

450
510
347
176

175

Table 3 .5. Grading rubric used to score part two o f the pre- and post-test.
Questions
What is an invasive species?
Give one example of a plant
and one example of an
animal.

Possible
Score
4

What is a weed? Give one
example.

2

What is a native species?
Give one example of a plant
and one example of an
animal.

3

Why are people in Missoula
trying to remove invasive
species and bring back native
species?
Describe human impacts on
native plant populations.
What is biodiv ersity?

2

1
2

Evaluation Criteria
4 - defines invasive species as an introduced plant tliat takes over an area and
gives two correct examples
3 - misses part of tlie definition or one of the examples
2 - misses part of tlie definition and one of the examples or the entire definition
or botli of the examples
1 - misses part of the definition and both of tlie examples or gives one example
0 - incorrect answer
2 - defines weed correctly as an unwanted plant and gives and example
1 - misses definition or example
0 - incorrect answer
3 - misses part of the definition or one of the examples
2 - misses part of tlie definition and one of the examples or tlie entire definition
or both of the examples
1 - misses part of tlie definition and botli of the examples or gives one example.
0 - incorrect answer
2 - defines weed correctly as an unwanted plant and gives and example
1 - misses definition or example
0 - incorrect answer
10210-

gives one impact of humans on native plants
incorrect answer
defines biodiversity correctly
gives partial definition
incorrect answer
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A p p e n d i x A: F in al p r o j e c t o f S l e v e n s I s la n d S u r v e y R e p o r t by
S t u d e n t s o f Dr. E r ic E d i u n d .

Introduction
This document contains a report on a physical survey project on Slevens
Island located on the Bitterroot River adjacent to the Fort Missoula Grounds,
Missoula MT. The University o f Montana currently owns the property and the
Montana Natural History Center has a use agreement with the University. The
primary objective o f the Slevens Island Survey Project is to create a quality
base map from which more specialized maps can be created. The island is
potentially slated for low impact development such as a nature preserve, park,
or other public-use recreational facility. The base map might be used as a
foundation for mapping trails, vegetation densities and types, high and low
water levels, etc. Future island development or use by other agencies may
benefit from the information provided by this survey.
Study Area B ackground
Slevens Island’s legal description is as follows: The West H alf o f Island: SE
l/4 o fS ec .3 6 , T13N, R20W. The East H alf o f Island: SW l/4 o fS ec.3 1 ,
T13N, R19W.
Slevens Island is technically not an island. It was originally created as an
alternate bar or sidebar in the Bitterroot River composed mainly o f deposited
gravels, sands and silts. The island is naturally separated from the Fort
Missoula grounds by a side stream channel approximately 20’ wide (at normal
flow). Within the last 50 or 60 years, riprap fill was hauled in and deposited at
the upstream end o f the channel. This human alteration, closed the channel
off to regular flow and allows virtually year-round foot and vehicle access to
the area. The side channel downstream o f this filled area still flows with

73
water year-round but the source o f the flow is mainly stream seepage through
the rip-rap fill and from ground-water seepage from the adjacent bank.
The elevation o f the island is generally quite low relative to the level at Fort
Missoula. Typically, the Fort Missoula area rises about 30’ above the island,
which in turn, is only six to eight feet above the normal flow level o f the
Bitterroot River. The island is cut in several places by seasonal channels,
which obviously fill and flow at high river levels.
Vegetation on the island varies from large open areas o f mature Cottonwood
trees to extremely dense thickets o f willows and other shrubs, to wet marshy
meadows. Fauna sighted on the island includes whitetail deer, pheasants,
grouse, owls, beaver, muskrat, ducks and geese.
Members o f the Spring 1999 Field Techniques Geography Class, taught by
Professor Eric Edlund o f the University o f Montana initiated the survey o f the
island. Data collected by this group covers mainly the east portion o f the
island. The second phase o f the project and this report has been completed by
select members o f the Fall 1999 Field Techniques Class and it is likely the
project will be continued by others as new objectives for the island map are
defined. As various groups and individuals collect more data, it will be
compiled and stored at the Geography Department o f the University o f
Montana.
M ethodology
Slevens Island required several forms o f data be gathered and combined. This
data, collected through GPS surveying. Total Station surveying, aerial photos,
and integrating previous survey work, provided information depicting the
elevation and location o f the island and its features.
G PS S u r v e y i n g
Handheld Trimble GPS units were used to collect both point and line features.
All points are recorded by the GPS using both UTM coordinates and
elevation. The features mapped with the GPS can be used for four main
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ftinctions in producing a topographic map. First, the GPS can map local
features o f the island, such as high water channels and the islands low water
outline. These physical properties o f the island give a basic idea o f the maps
outline and how the contours should appear over the surface o f the island.
Man made features, such as bridge and birdhouses can be recorded and
displayed on a final map Also, an average elevation above mean sea level at
the low water mark o f the island, which is the base level for our topographic
map o f the island, is quickly established. Next, using high-accuracy mode to
map point features, such as 0S5 from last spring’s survey, we could easily
find UTM coordinates for a point which can be used to connect our survey to
the work done by last semesters class. Finally, features mapped by GPS can be
used to register an aerial photo o f the area to its actual position.
The GPS does have a certain amount of unavoidable error. After differentially
correcting with Pathfinder software, GPS points are still only accurate to
within a few square feet o f the positions real location, improving slightly with
high-accuracy mapping. Also, the dense vegetation covering the island
decreased the GPS’ accuracy as well by preventing the GPS from gaining a
clear signal. For this project, however, the available accuracy level was
suitable for the intended final map.
Line Features
The basic outline o f the island was surveyed as GPS line feature. This is
accomplished by simply walking around the island holding the unit at low
water mark, and allowing the GPS to record its changing position. A meadow
located in the center o f the island was surveyed as a line feature; however, the
accuracy is very low due to the vegetation surrounding it. This establishes a
basic outline o f the island, within which the topographic map must be
contained.
Point Features
The majority o f the GPS surveying was done using point features. All
Occupied Stations were recorded as point features, as well as two distinct
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channels running across the island from north to south. Several points
surveyed to by the spring ’99 class were also mapped, as well as three
birdhouses, and a bridge, which crosses over the backwater slough on the
north side o f the island. Six points surrounding the island were also collected
to use in aerial photo registration.
High Accuracy Point Features- Points recorded in high-accuracy mode of
the GPS are the west point o f the island, and 0S5, a point from last springs
survey.
Total S t a t i o n S u r v e y
Total Station Survey comprises the bulk o f data used in the final topographic
map. Similar to a theodolite, the Total Station can measure the horizontal
angle, and distance to a certain point. Unlike the theodolite, the Total Station
also measures vertical angle, and instantly displays all o f these numbers,
rather than having to be read from stadia hairs. From this data both the
elevation and location o f the new point can be calculated, which can be
interpreted for use in a topographic map. The Total Station operates by
aiming at and shooting a beam to a point; the beam is reflected back by
mirrors held at that point. Total station survey is much more precise than
theodolite survey as it removes human error in reading stadia hairs. The
rodman chooses which points will be shot. Points were chosen which would
give an accurate overall topographic view o f the island. On the western end
o f the island, the topography is very flat, and evenly dispersed shots reflect
that. Towards the center o f the island, the topography varied; features such as
high water channels, river deposits, and a meadow required specific foresight
locations. Also, the waters edge and top bank must be included at several
locations as a foresight. Data was gathered covering roughly the western half
o f the island from three occupied stations. Last spring, surveying of the
eastern section o f the island produced an incomplete topographic map. That
survey attempted to traverse the island down its center, but had difficulty in
dealing with thick vegetation. Because of this, our survey chose station setup
locations which provided broad open views o f the island, from which many
shots could be taken covering large areas o f the island.
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C r o s s - R i v e r P o in t ( C R I )
CRI was the first setup o f the day. It was located on the opposite bank o f the
river from the island, a vantage point which allowed foresights from the
western point o f the island down roughly half the islands length. This
required shots o f up to 2300 feet. From C R l, shots to the interior o f the island
were also taken. These foresights were distributed so that an overall
representation o f the island would be given by the final data. This included
shots at water level, top bank, and along any feature, such as a high water
channel, where there is an elevation change. Shots were also taken to know
points o f last spring’s survey, so that the two surveys may be combined, as
well as to the point o f the next occupied station. All foresights were taken
relative to 0S5, a known point from the previous survey.
R i d g e - L i n e P o in t s ( R L l , R L 2 , R L 3 )
The three RL stations were located on top o f a ridge running parallel to the
island. The ridge is on the northern shore o f the island, and is separated from
the island by a backwater slough. Rising about thirty feet above the island,
the ridge provided a good view o f the island from all three occupied stations,
from which the northern half o f the island may be surveyed. Features such as
the meadow located near the center o f the island could be surveyed in from
ridgeline stations. From R L l, the CRl location was used as a backsight.
Both RL2 and 3 used R Ll as a backsight.
S p r i n g ’ 99 S u r v e y
The spring survey worked its way from the eastern end o f the island
westward. They traversed through the center o f the island, and only covered
the eastern section of the island. Their survey data was saved on Talcott, and
prepared for our use by Professor Eric Edlund. By integrating the spring
survey with ours, the final data will display almost full coverage o f the entire
island.
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D a ta
Collection
Since the first trips to the survey site were reserved mainly for the purpose of
observation and planning, each member o f the group brought a field book to
identify possible survey positions and interesting features. For the purpose o f
simplicity, all Total Station data collected on the actual date o f the survey
were recorded in only two field books. This makes the data more accessible
and prevents possible errors during the data entry process.
Data was recorded in reference to the Total Station position it was taken fi*om.
There were a total o f four occupied stations for the Total Station. CR 1 was
the first position, labeled in reference to its cross-river location on the
opposite bank. From there a foresight was made to a ridgeline position
directly opposite that o f CR 1. This position is labeled RL 1, followed by the
last two survey positions o f the day, RL 2 and RL 3. These last two were also
located on the ridge above the island's northern edge. In all, station CR 1
produced a total o f 57 points, excluding back-sight checks o f the Total Station.
RL 1, RL 2, and RL 3 produced 17, 15, and 10 points, respectively. The
smaller point productions o f the three-ridgeline positions are due to the larger
amounts o f vegetation and overall increased size o f trees and shrubs in the
area.
D a t a E n tr y
The data entry process consists mainly o f a direct copy o f the field books.
The objective is the production of a spreadsheet of data points consisting of
UTM coordinates and elevations for the purpose of producing a base map of
the island. In order for the data to be accessible from several different
computer-mapping programs it needs to be finalized in a simple format.
Data was entered into a Microsoft Excel file in the exact form that is present
in the field books in order to produce two raw data files. All the data collected
from CR 1 is included in one file and data from the three-ridgeline positions

78

are included in the second file. As stated earlier, the data was copied from the
field books exactly, including all instrument heights, rod heights, and notes.
T r a n s f o r m a t i o n and C o n v e r s i o n
The transformation and conversion process consists o f several steps reaching
toward the end product, a spreadsheet o f UTM coordinates and elevations.
Each Total Station position represented its own coordinate system. The data,
at this point, are still in raw format. That is, each point consists o f a
horizontal angle, a vertical angle, and a distance. These original angle and
distance measurements can be viewed in Tables 1, 2, 3, and 4. For the points
to be identifiable as a coordinate system o f each station, these angles and
distances need to be converted into (x, y) coordinates. This is done using the
first o f many formulas consisting o f sine and cosine relationships. The
elevations are produced using a formula, which derives its results from a
control point with a known elevation. In this case the control point was OS
12, an occupied station used in the Spring 99 survey. From there, the
elevation o f CR 1 is established. All other points in the survey are then given
an elevation in relation to CR 1. Now each occupied station in the survey can
be plotted and points shot from each station have their own (x, y) coordinates
(shown in Tables 5-8, “original coordinates”).
The next step is to ‘rotate and convert’ each separate coordinate system into
one. RL I is used as a base (0, 0) since it was tied into all o f the other
stations. RL 2 and RL 3 were referenced according to RL 1 and RL 1 was
referenced according to CR 1. This meant that RL 1 is the logical choice since
the other stations were only referenced to each other through RL 1. Using
more formulas consisting o f sine, cosine, and tangent relationships, each point
shot from CR 1, RL 2, and RL 3 is given an (x, y) value according to the
coordinate system o f RL 1 (shown in Tables 5-8, “transformed coordinates”).
The final step in the procedure is to convert this simple (x, y, z) coordinate
system, (z being an elevation value) into the actual UTM coordinates. This
again entails another ‘rotation and conversion’. This time the RL 1 coordinate
system is rotated by the angular difference between itself and the actual UTM
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Northings and Eastings. For this to occur, a separate x and y-axis is produced
which can be referenced to both the UTM coordinates and the coordinates of
the survey. Two points, OS 5b, a station from the earlier survey, and West
Point, the farthest downstream reach o f the island, are used to produce the xaxis. These two points are ideal due to both being surveyed using highaccuracy GPS readings as well as the Total Station. After another application
o f fairly complex formulas, all data points are transformed. All data points
now have there own location in the UTM coordinate system (shown in Tables
5-8, “UTM coordinates”) From here the data are put into a separate
simplified spreadsheet which can be used in the mapping programs.
Aerial P hotographs
Acquiring a suitable aerial photograph o f the Slevens Island project area was
considered to be o f significant importance, particularly if a reasonably
accurate base map with which to compare and display the survey data is to be
used. Several sources for the aerial photographs were identified and after
initial evaluation by the survey team, four aerial photos were selected for
inclusion in the project based on their significance to the previously stated
project objectives. All o f the following described aerial photographs are
panchromatic and titled by the date o f their creation.
Air Photo 3/19/99
This aerial photo was selected for two primary reasons. First, the photo was
taken during approximately the same period that the topographic survey o f
Island was initiated and secondly, the photo was taken during a time o f year
when visual obstruction o f the ground was at a minimum due to decreased tree
canopy and ground cover foliage.
Air Photo 5/19/97
Taken one day after peak flow was recorded during the flood o f mid-May
1997, this photo was used to give the survey team some idea of how periodic
flooding affected Slevens Island. Stream gage readings taken at the bridge
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below the island on the day this photo was taken show the stream flow at
approx. 24,000 cubic feet per second compared to an estimated stream flow of
approx. 1,000 cubic feet per second recorded on 3/19/99.
A i r P h o t o 6/ /95
At the time this photograph was taken, the tree canopy and ground cover was
in full bloom, which provides a good indication o f the island's vegetative
make-up and density. Graduate student Katherine Warner o f the University of
M ontana Biological Science Department is currently conducting a study o f the
Slevens Island area for natural resources and was instrumental inquiring this
air photo for use in the topographic survey.
A i r P h o t o 7/ /37
This photo provides an interesting view o f the area over sixty years ago and
might prove useful in examining the morphology o f the island. It is, however,
o f limited use because o f incomplete island coverage.
P rocessing o f Aerial Photos
The first step in processing the photos involves obtaining an enlargement of
the standard 9"x9" print. This provides for much increased ground resolution
when the enlargement is scanned and displayed as a base map for other digital
survey data. The enlargement was then scanned at 300dpi and output as a TTF
raster file. The TIP file was then geo-referenced using the IMAGINE image
editor to align the image geographically with the other digital survey data.
This process involves matching several known reference coordinates collected
earlier using a GPS receiver with the same points on the scanned image. Once
this is done, an IMG raster file is created containing both the image and the
geo-referencing information.
In addition to the aerial photos, a Digital Raster Graphic (DRG) o f the SW
Missoula, USGS, 7.5 minute quadrangle was downloaded from the Montana
State Natural Resource Information System Website. The DRG was used for
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comparative purposes and for use as a base map. The DRGs are geo
referenced and also contain Metadata information.
U S G S St r e a m G a g e D a t a
In order to determine periodic and historic flood levels on the Bitterroot River,
and the impact on Slevens Island topography, it was necessary to acquire
stream gage data from the USGS Stream Gauging Program. This data is
available for hundreds o f stream sites in Montana, and most other states, and
can be specified by a particular hour on a particular day or within a specified
time frame.
The stream gage data needed by the survey team would be obtained from a
USGS stream gage station located approximately one half mile upstream from
the Slevens Island project area. The data provided through the USGS website
is measured in CFS (cubic feet per second) and a call to the local USGS office
was required to have that figure converted to a river height in feet. For a brief
overview o f stream measurement methodology, see appendix. USGS stream
gage baseline height data are taken directly from USGS 7.5’ Topographical
maps and are not related to any stated vertical datum.
The following stream gage data were determined by the survey team to be
significant based on their chronological match with the previously described
aerial photographs. Stream gage data is titled by the date o f measurement. See
corresponding stream gage data graphs.
G a g e D a t a 1 1 / 1 4 /1 9 9 9
This was the date that the Fall 1999 Slevens Island survey team conducted its
topographic survey o f the island. Total Station spot elevations collected that
day included several shoreline, or river level positions. The survey team will
compare the Total Station data with the USGS stream data to determine actual
stream height.
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G age Data 5/19/1997
Stream gage readings on this date correspond with the aerial photograph taken
on the same date showing the Bitterroot River at Slevens Island during flood
stage.
Gage Data 6/1899
The stream gage at this time was located approximately one-half mile from
the mouth o f the Bitterroot river where it joins the Clark Fork and
measurements were thought to be negatively influenced by "flow back-up"
caused when the Clark Fork itself was running at flood stage Regardless, at
38,300 CFS, this was a very significant historical flood.
Data P resen tation
The Fall 99 Slevens Island survey team has chosen to incorporate all o f the
current island survey data into an Arc View project file for ease o f data access,
manipulation and display by future interested individuals or groups. A
complete digital archive o f all current Slevens Island data collected by the Fall
99 survey team will be placed in a project folder located on the Geography
Department's server as well as on a high capacity Zip disk to accompany this
report.
E levation Contours
Topographic data for the Slevens Island survey was collected by both the
Spring 1999 (east half) and Fall 1999 (west half) Field Techniques survey
teams using a Total Station survey grade instrument and GPS receiver (See
Total Station and GPS Data Collection and Processing Methodology Section
for more information on these particular subjects.) The creation o f elevation
contours for inclusion in the Slevens Island survey report required that the
combined Total Station and GPS data be processed using Surfer 7. Once the
combined data tables were opened in Surfer, a Surfer Grid (GRD) file was
generated which geographically placed the combined data points in a planer
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coordinate system selected to align the point data with the base map aerial
photograph. During the creation o f the GRD file, a contour interpolation
algorithm Natural Neighbors was selected to best represent the actual
topography o f the island. As most o f the survey team was not overly familiar
with the types o f interpolation algorithms available, this was mostly a process
o f trial and error until a suitable representation o f the island's topography was
generated. The selected GRD file was then used to create a contour map
based on contour intervals o f one-half o f a foot. The completed contour map
was then exported out o f Surfer as a Shapefile for display and analysis in
Arc View.
Discussion
Data collected and methods employed by our group were relatively successful
however complications have occurred in the compilation o f the Fall 1999 data
with the Spring 1999 data. Use o f the Total Station from across the river and
from the ridge locations was an effective and efficient use o f human and
technological resources.
Although the final map gives a good overview o f the islands topography, there
are still several areas for which adequate data has not been collected. These
areas are located in the center o f the island on both the northern and southern
sides. Both areas are thickly vegetated, and just between the extent o f the two
surveys. Collected data to fill these voids is necessary for complete coverage
o f the island, and would probably require three additional Total Station setups.
For the uncovered areas on the riverside o f the island, one CR setup would
provide a broad enough view to survey them all. The vegetation on the slough
side o f the island is much thicker, though. In all likelihood, two additional RL
setups would be required to survey an appropriate number o f points for
topographic map production. The product developed by this survey hopefully
will be employed in future maps and scientific surveys and will provide the
Montana Natural History Center with a foundation for development planning
and resource assessment.

